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The do  sim  e  try is used to ver  ify the dose mag  ni  tude with ar  ti  fi  cial sam  ples (phan  toms) be  fore
giv  ing the planned ra  di  a  tion ther  apy to the pa  tient. Typ  i  cally, dose dis  tri  bu  tion is mea  sured
only in a sin  gle point or on a two-di  men  sional ma  trix plane. New tech  niques of ra  di  a  tion
ther  apy en  sure more de  tailed plan  ning of ra  di  a  tion dose dis  tri  bu  tion which will lead to the
need  of  mea sur ing  the  ra di a tion  dose  dis tri bu tion  three-dimensionally.  The  gel  do sim e try  is
used  to  in di cate  and  de ter mine  the  ion iz ing  ra di a tion  three-dimensionally.  The  ra di a tion
causes changes in chem  i  cal prop  er  ties of the gel. The ra  di  a  tion dose dis  tri bu  tion is de  fined by
mea  sur  ing the chem  i  cal changes. A con  ven  tional method is the mag  netic res  o  nance im  ag  ing
and  a  new  pos si bil ity  is  op ti cal  com puted  to mog ra phy  (op ti cal-CT).  The  op ti cal-CT  is  much
cheaper and more prac  ti  cal than mag  netic res  o  nance im  ag  ing. In this pro  ject, an op  ti  cal-CT
based method de  vice was built by aim  ing at low ma  te  rial costs and a sim  ple re  al  iza  tion. The
con  structed de  vice ap  plies the charge cou  pled de  vice cam  era and flu  o  res  cent lamp tech  nol  o  -
gies. The test re sults show that the opac ity level of the ra di ated gel can be mea sured ac cu rately
enough. The im  ag  ing ac  cu  racy is re  stricted by the op  ti  cal dis  tor  tion, e. g. vi  gnett  ing, of the
lenses, the dis  tor  tion of a flu  o  res  cent lamp as the light source and a noisy mea  sur  ing en  vi  ron  -
ment.
In dex  terms: gel  do sim e try,  mea sur ing  opac ity,  op ti cal-CT,  to mog ra phy,  ver i fi ca tion  of  ra di a tion
ther apy
IN TRO DUC TION
Intensity mod u lated ra di a tion ther apy (IMRT) is
based on the use of an ac  cu  rate three-di men  sional dis  -
tri bu tion of the ra  di  a  tion dose. This leads to a need for
a higher qual  ity con  trol for the de  ter  mi  na  tion of the
dose dis tri bu tion [1]. This is usu ally done by ra di at  ing
a gel phan  tom first and de  ter  min  ing the chem  i  cal
changes which can be mea  sured ei  ther by mag  netic or
op ti cal  meth ods.  The  gel  do sim e try  has  tra di tion ally
been based on mag netic res o nance im ag ing (MRI), but 
op ti cal  com puted  to mog ra phy  (op ti cal-CT)  has  come
to be an al ter na tive [2]. There is a clear need for a re li  -
able,  in ex pen sive  and  ac cu rate  mea sur ing  de vice  for
de  ter  min  ing the chem  i  cal changes of the gel. It would
re  mark  ably widen the use of gel do  sim  e  try.
The op  ti  cal-CT uti  lizes the changes of the opac  -
ity of the gel due to the ra  di  ated dose. It is im  por  tant
that the opac ity changes are lin ear or at least de ter min -
is tic  for  a  math e mat i cal  cal cu la tion  of  the  ra di ated
dose of the opac  ity change. 
This study fo  cuses on prob  lems of ap  ply  ing an
op ti cal-CT  to  de ter mine  the  dose  dis tri bu tion.  A  spe -
cial ob  jec  tive is to an  a  lyze the op  ti  cal prop  er  ties of a
MAGAT gel, which has in pre vi ous stud ies been found 
to be a good method to de  ter  mine the mag  netic
changes [3-5].
The ba  sic prin  ci  ple of the op  ti  cal com  puted to  -
mog  ra  phy is the same as with the X-ray com  puted to  -
mog  ra  phy. The ob  ject is il  lu  mi  nated with a light
source from one side and the trans  posed en  ergy is de  -
fined by a lin ear ar ray of de tec tors on the op po site side
of the ob  ject. The ob  ject (or the trans  mit  ter re  ceiver
mech  a  nism) is ro  tated incrementally, lit  tle by lit  tle,
and the il  lu  mi  na  tion is done from each an  gle of view.
The cross-sec  tional im  age opac  ity of the ob  ject can
then be re  con  structed from the mea  sured data of the
trans  posed light en  ergy.
In this study, the re  con  struc  tion pro  cess is based
on an in  verse ra  don trans  form [6], al  though it  er  a  tive
al  go  rithms could have given even better qual  ity of to  -
mog ra phy  im ages.  The ra don trans form  is math e mat i -
cally
M. Kauppinen, et al.:  Op ti cal  To mog ra phy  for  Mea sur ing  Dose  Dis tri bu tion  ...
Nu  clear Tech  nol  ogy & Ra  di  a  tion Pro  tec  tion: Year 2014, Vol. 29, No. 3, pp. 213-219 213
*  Cor re spond ing  au thor;  e-mail:  esko.alasaarela@ee.ouli.fi   
    p f x y x y x y ( , ) ( , ) ( cos sin ) x f d f f x = + -
- -
ò ò
4
4
4
4
d d (1)
where d is the unit im pulse func tion, x and y – the co-or -
di  nates in the ob  ject space, x – the dis  tance of the beam
from the or i  gin, and f – the pro jec  tion an  gle [7]. The  x   
and f are the so called sinogram co-or  di  nates. The ra  -
don  trans form  uti lises  trans posed  pro jec tions.  The
co-or  di  nate sys  tem and vari  ables are de  fined in fig. 1.
A is the dis  tri  bu  tion in the ob  ject and the ra  don
trans form gives the pro jec tions B. The point P is a sin  -
gle point of the pro  jec  tion with its value. Equa  tion 1
gives the val  ues of the pro  jec  tion B from two di  men  -
sional data of the ob  ject A.
The in  verse ra  don trans  form de  fines the
cross-sec tional to mog ra phy im age points of the ob ject
from  the  pro jec tion  data.  Math e mat i cally  it  is
f x y p x y BP d ( , ) ( cos sin , ) = + ò f f f f
p
0
(2)
where the in  te  gra  tion from 0 to p is enough be  cause
the  in te gra tion  from  p to 2p gives the same in  for  ma  -
tion. Prac  ti  cally, the to  mog  ra  phy im  age which is cal  -
cu lated di rectly by the in verse ra don trans form is in ac -
cu  rate, due to the fi  nite sam  pling rate of the
mea  sure  ment ar  ray [8]. The fi  nite num  ber of sen  sors
and pro  jec  tion an  gles leads to a fi  nite num  ber of slice
data. The fre  quency do  main can  not be filled com  -
pletely, and far from the or  i  gin, the in  ter  po  late er  ror
grows. This is called the 1/r in  ac  cu  racy [9].  In the to  -
mog ra  phy im age, the er  ror grows as a func  tion of spa  -
tial fre  quency.
A fil  tered back pro  jec  tion method has been de  -
vel  oped to min  i  mize this er  ror. A sinogram cal  cu  lated
from the pro jec tions is fil tered by a fo cus ing high pass
fil  ter be  fore the back pro  jec  tion. The fil  ter prop  er  ties
have to be se lected case-spe cif i cally. The fil tered back
pro  jec  tion hap  pens in two phases. First, the sinogram
is fil  tered di  rectly by con  vo  lu  tion or trans  formed into
the fre  quency do  main by a fast Fou  rier trans  form,
mul  ti  plied by the fil  ter func  tion and re  turned back by
an in verse Fou rier trans form. Sec ond, the back pro jec -
tion is fi  nal  ized by sum  ming the dragged pro  jec  tions
up,  main tain ing  their  orig i nal  an gles.  [10]
The re frac tion on ma te rial bound aries af fects the 
re li abil ity  of  the  re sults  in  op ti cal  mea sure ments.  The
re frac tion  phe nom e non  com plies  with  Snell's  law 
n n 1 1 2 2 sin sin j j = (3)
where sub-in  di  ces 1 and 2 re  fer to two dif  fer  ent ma  te  -
ri als,  n  is  the  re frac tion  co ef fi cient  and  j is the an  gle
be  tween the beam and the bound  ary sur  face [11]. The
re frac tion  can  be  min i mized  by  us ing  per pen dic u lar
sur faces  and  ma te ri als  with  sim i lar  re frac tion  co ef fi -
cients. Fig  ure 2 pres  ents the re  frac  tion of light beams
on the bound  aries be  tween gel, the gel con  tainer and
the  sur round ing  match ing  ma te rial.
CON STRUCTED  MEA SURE MENT
TECH NIQUE
Two main tech  niques have been used in op  ti  cal
to  mog  ra  phy. One is based on a co  her  ent la  ser beam
[12-15] and an other on a CCD cell tech nique pro posed 
orig i nally by Wolodzko [16-22]. The lat ter uti lizes the
in  co  her  ent light and a CCD cam  era (fig. 3).
In this study, the CCD cam era tech nique was ap -
plied. The light source was a flu  o  res  cent lamp with a
dif  fuser win  dow. The gel was set on a turn  ta  ble and
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Fig  ure 1. Co-or  di  nate sys  tem and vari  ables of the
ra don  trans form
Fig  ure 2. Re  frac  tion of light on boundariesim  mersed in an acrylic wa  ter tank. The turn  ta  ble was
ro tated by a hy brid step mo tor, which was driven by an
Ap plied Mo tion Prod ucts 3540i driver. The step mo tor 
driver was con trolled by a PC. The CCD cam era was a
Philips LTC 0330/51 with a Maxtor Meteor II frame
grab ber  and  soft ware.  Two  dif fer ent  ob jec tives  were
tested: the Philips LTC 3361/20 2.8-6 mm 1:1.2 and
the Canon TV-Zoom lens J6x11 11-70 mm 1:1.4. The
wa ter was used as a match ing me dium to min i mize the
re frac tion  prob lems  (fig.  4).
A user in  ter  face of the de  vel  oped soft  ware can
be seen in fig. 5. It con  trols both the pro  jec  tion an  gle
set  ting and the im  age cap  tur  ing. The pro  jec  tion im  -
ages are stored as 8 bit TIFF files. 
An  other soft  ware was de  vel  oped for the back
pro jec tion  pro cess.  A  fil tered  al go rithm  was  adopted
with two al ter na tive fil ter func tions: the Shepp-Lo gan
or Ram-Lak fil  ters [23, 24].
The di  rect ex  penses of the op  ti  cal-CT de  vice
were far be  low 3000 €, which was much less than us  -
ing the MRI. Also, the func  tional ex  penses are lower,
with a faster per  for  mance. All mea  sure  ments were
done in a room tem  per  a  ture of 22 de  grees cen  ti  grade
and no tem per a ture con trol was used. Also no study on 
de  pend  ency be  tween the light source wave  length and
the tem  per  a  ture was in  cluded be  cause of the in  ten  tion
to con  struct a cost ef  fec  tive set-up.
TEST RE  SULTS
There are sev  eral is  sues which have an af  fect
upon the im  age ac  cu  racy. For ex  am  ple, the smooth  -
ness of the il  lu  mi  nat  ing light af  fects the qual  ity of the
pro jec tion im ages and par tic u larly dis turbs the eval u a -
tion of the ab  so  lute level of ra  di  a  tion doses. In ad  di  -
tion, the qual  ity of the pro  jec  tion im  ages is weak  ened
by vi  gnett  ing the lens and sur  round  ing light and other
im ag ing  con di tions.
In ad  di  tion to the abovementioned pro  jec  tion
im age  qual ity  is sues,  to mog ra phy  im ages  are  af fected
by the lens er rors par tic u larly with short fo cus lenses.
The  dis tor tions  of  to mog ra phy  im ages  were
stud  ied with pins (fig. 6). The pins were fixed on the
gel base  ment in line so that the cen  tral pin hits on the
ro  ta  tion axis. The di  am  e  ter of the pins is 0.6 mm and
the spac  ing dis  tances are 5 mm and 10 mm.
The pins were im  aged us  ing both Philips and
Canon lenses. Fig  ure 7 is a sinogram from the pro  jec  -
tion im  ages taken with the Canon lens.
The  to mog ra phy  im ages  were  re con structed
from 200 and 400 pro  jec  tions us  ing the Ram-Lak fil  -
ter. The im  age qual  ity of only 100 pro  jec  tions was not
good enough for test pur poses. The re sult ing to mog ra -
phy im  ages show that the qual  ity of the pin im  ages
weak ens far from the ro tat ing axis (see fig. 8). With the 
Canon lens, the pins are sharp up to 4 cm out from the
ro tat ing  axis. 
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Fig  ure 3. Prin  ci  ple of an op  ti  cal-CT based on
CCD cam  era
Fig  ure 4. The con  structed in  stal  la  tion: A – the wa  ter
tank, B – the base  ment of the wa  ter tank with the step
mo  tor and turn  ta  ble, C – the step mo  tor driver, D – the
CCD cam  era with a stand, and E a mech  a  nism for fix  a  -
tion of gels
Fig  ure 5. User in  ter  face of the con  structed op  ti  cal
to mog ra phy  in stal la tion.  A  pro jec tion  im age  of  a  gel
ra  di  ated with a square field can be seen in the dis  playThe spread  ing of the pins can be seen more
clearly with the short fo  cus Philips lens (fig. 9). Only
five cen  tral pin im  ages are ac  cu  rate.
In both cases (figs. 8 and 9), the ac  cu  racy of the
pin im ages de creases when go ing far from the ro tat ing
axis. This ex  per  i  ment shows that the lens has re  mark  -
able ef  fect on the im  age qual  ity, par  tic  u  larly, far from
the  ro tat ing  axis. 
When im ag ing pins, it is also pos si  ble to see that
the im  age ac  cu  racy weak  ens when the cam  era is not
pointed ex  actly on the ro  tat  ing axis (fig. 10). The pins
can be seen as the half cir  cle im  ages whose ra  dius is
equal to the er ror of the cam era po si tion ing. This er ror
weak  ens im  age qual  ity all across the im  ag  ing space.
A  sys tem atic  in ac cu racy  of  the  im ag ing  an gle
also cre  ates  an im  age dis  tor  tion sim  i  lar to the lens er  -
rors (fig. 11).
The op  ti  cal den  sity dif  fer  ences can be rec  og  -
nized in the gel if the lo  cal opac  ity gra  di  ent is large
enough. For test  ing pur  poses, two square fields were
ra  di  ated  into  the  gel  within  each other so that the
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Fig ure 6. Test ob ject built from pins on the gel base ment
Fig  ure 7. Sinogram which is cal  cu  lated from the
pro  jec  tion im  ages taken with the Canon lens
Figure 8. Tomography slice im  age of the test pins
pro  cessed from the data taken with the Canon lens
Fig  ure 9. Tomography slice im  age of the test pins
pro  cessed from the data taken with the Philips lens
Fig ure 10. Tomography im age of the pins when the cam -
era is not pointed ex  actly on the ro  tat  ing axisdose level of the in  ner field was 1.5 Gy and the outer
0.75 Gy. Fig  ure 12 shows the re  sults of the test. From
the left, the first im age shows a pro jec tion im age with a 
slice plane marked with a black hor  i  zon  tal line. The
next im  age shows the to  mog  ra  phy im  age and the last
one, the same im  age with a his  to  gram pro  cess to em  -
pha  size the square fields. No  tice that the square fields
are at a 45 de gree an gle to each other. They can be dis -
tin  guished, but the edges can not be seen clearly.
A dose re  sponse in gel do  sim  e  try de  scribes de  -
pend  ency be  tween the ra  di  a  tion strength and the mea  -
sured grayscale. Es  pe  cially, when study  ing the ab  so  -
lute level of the ra  di  a  tion dose, the de  pend  ency must
be  lin ear,  or  at  least  math e mat i cally  de ter min is tic.  A
lin  ear de  pend  ency has been found, for ex  am  ple, in
FSX gels (Fer  rous Sul  phate and Xy  le  nol) [17],
normoxic N-Vinylpyrrolidone based poly  mer gels
(VIPET) [25]. Also an N-isopropyl acrylamide
(NIPAM) poly mer gel can be con sid ered as a lin ear de -
pend ent  [26].
In this study, the dose re  sponse of the MAGAT
gel (Methacrylic Acid, Gel  a  tine and Tetrakis
phosphonium chlo  ride) was stud  ied by means of cal  i  -
brat  ing se  ries of sam  ples (fig. 13). 
The gel sam  ples (in fig. 13 from left to right)
were ra  di  ated by the doses of  0, 15, 30, 80, 130, 150,
180,  200,  230,  and  280  MU   (mon i tor  unit),   where
1 Gy = 97.8 MU in the used ra di a tion ther apy unit. The
me  dian gray scale value was mea  sured from the de  -
fined re  gion of in  ter  est (ROI) of the to  mog  ra  phy im  -
ages of the sam  ples. The de  fined ROI is equal in each
sam  ple and sit  u  ated 15 mm from the bot  tom of the
sam ple bot tle by as sum ing that it is the place where the
dose is at max  i  mum. The to  mog  ra  phy im  ages of the
slices can be seen in fig. 14 where an ir ra di ated sam ple
is on the up per left, and a sam ple of 280 MU dose is on
the lower right.
Two se  ries of gel sam  ples were pre  pared for
study  ing dose re  sponses, and they were mea  sured on
dif fer ent  days  (13th and 17th of March). The re  sults
have been col  lected into fig. 15, where it can be seen
that the mea  sure  ments have man  aged to be re  peated
rather well. The slight dif  fer  ence might be ex  plained
by a con tin u ing of the poly mer iza tion pro cess be tween 
the im  ag  ing days. The un  an  tic  i  pated rise of the gray
val  ues of dose re  sponse at 2.04 Gy can  not be ex  -
plained.
An im  por  tant find  ing is that the MAGAT gel
does not func  tion lin  early. The lin  ear  ity, how  ever, is
not re quired if the dose re  sponse is sys tem atic and can
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Fig  ure 11. The to  mog  ra  phy im  ages of the pins, when the
sys  tem  atic er  ror of the im  ag  ing an  gle is (from left) 0%,
1%, 5 %, and 10%
Fig  ure 12. From left: Pro  jec  tion im  age of the gel with a
slice plane marker, a to  mog  ra  phy im  age on the slice
plane  and  his to gram  smoothed  to mog ra phy  im age
Fig  ure 13. Cal  i  brat  ing se  ries made of  MAGAT gel
im  aged af  ter ra  di  a  tion. The opac  ity change due to
grow  ing ra  di  a  tion dose can eas  ily be seen by eyes
Fig  ure 14. To  mog  ra  phy im  ages of the ROI slices of
MAGAT gel sam ples seen in fig. 13.  The mea sured opac -
ity val ues are used to eval u ate the ac cu racy and lin ear ity
of  the  de vel oped  ex per i men tal  in stal la tion
Fig  ure 15.  Ex  per  i  men  tal graph of the dose re  sponse of
the MAGAT gelbe matched [27]. A good ap  prox  i  ma  tion can be found
by ap  ply  ing the ex  po  nen  tial match  ing (fig. 16). The
match  ing can still be im  proved by us  ing the in  verse
val  ues of gray level and polynomic match  ing, which
leads to a cor re la tion of R2 = 0.9885 and thus to the ac -
cept  able ac  cu  racy for clin  i  cal use. Later, af  ter ac  quir  -
ing enough ex per i men tal data, it is pos si ble to de velop
au to matic  soft ware  for  cal i bra tion.
DIS CUS SION  AND  CONCLUSION
The  de vel oped  op ti cal  to mog ra phy  in stal la tion
can be used to de  tect the opac  ity dif  fer  ences
three-dimensionally. The im  ag ing ac cu racy is close to
the ro  tat  ing axis less than 0.6 mm which is good
enough  for  most  ra di a tion  ther apy ap pli ca tions. How -
ever, more stud ies and de vel  op ment work is needed to
get the gel do  sim  e  try, based on CCD cam  era tech  nol  -
ogy, work able, ac cu rate and re li able enough to re place 
the ex  pen  sive and slow MRI based gel do  sim  e  try.
The prob  lems of us  ing the op  ti  cal com  puted to  -
mog  ra  phy (op  ti  cal-CT) based on the CCD cam  era
have been stud ied and tried to be solved in many ways.
For ex  am  ple, to get a better im  ag  ing ac  cu  racy, the
so-called plano-con  vex lenses have been ap  plied to
solve the op ti cal prob lems of the lens [17]. Also, a dif -
fer en tial  im ag ing  used  to  dif fer en ti ate  the  gel  from  its
back  ground in the pro  jec  tion im  ages can be used to
solve the prob  lems of the re  frac  tion and the smooth  -
ness of the il lu mi nat ing light source [22]. The prob lem 
of vi gnett ing can be solved by us ing higher qual ity but
more ex pen sive lenses. Any way, in this study, an ac cu -
racy better than 0.6 mm was achieved, close to the ro  -
ta tion  axis.
In ad  di  tion to the im  ag  ing ac  cu  racy, the re  peat  -
abil ity of the mea sure ment is im por tant to con sider for
mak  ing it pos  si  ble to also de  fine the ab  so  lute doses
from the gel sam  ples. The MAGAT gel, which has
been found suc  cess  ful with the MRI, has no lin  ear
dose  re sponse  in  op ti cal-CT  based  do sim e try.  The
dose re  sponse of the FSX gel seems to be re  mark  ably
smoother. How ever, the FSX gel is much less sen si tive 
than the MAGAT gel, and is there  fore suit  able when a
wider dose scale is needed. In fact, a new gel with op ti -
mal  op ti cal  pa ram e ters  would  be  needed.
In con  clu  sion, this study shows that the op  ti  -
cal-CT is a prom  is  ing gel do  sim  e  try method for de  ter  -
min ing  the  dose  dis tri bu tion  in  ra di a tion  ther apy.  The
stud  ies should be con  tin  ued to de  velop a re  li  able and
ac  cu  rate mea  sur  ing method for qual  ity con  trol of this
three-di men sional  ra di a tion  ther apy.  This  would  lead
to a more ac  cu  rate and better man  aged ra  di  a  tion ther  -
apy in an easy, rapid and in  ex  pen  sive form.
De fin ing  de pend ency  be tween  the  light  source
wave  length and the tem  per  a  ture emerges is  sues for
fur ther  re search.  Also  the  it er a tive  al go rithms  in stead
of the in verse ra don trans verse should be con sid ered to 
im prove  the  qual ity  of  to mog ra phy  im ages.
AU THOR  CON TRI BU TIONS
Mea sure ment  sys tem  build  up,  mea sure ments
and anal y ses were car ried out by M. Kauppinen. The o -
ret i cal sup port was car ried by E. Alasaarela. the manu -
script eas writ  ten by E. Alasaarela and M. Kauppinen.
Gel  sam ples prep a ra tion  and  ra di a tion  was  car ried  out
by  S.  Rouhiainen  and  to mog ra phy  cal cu la tions  and
the  o  ret  i  cal sup  port was car  ried ou by A. Koivula. All
au  thors have an  a  lyzed and dis  cussed the re  sults.
REF ER ENCES
[1] Webb, S., In ten sity Mod u lated Ra di a tion Ther apy, In -
sti tute of Phys ics Pub lish ing, Bodmin, GB., 2001, pp.
1-31
[2] Gore, J. C., Kang, Y. S., Schulz, R. J., Mea sure ment of 
Ra di a tion  Dose  Dis tri bu tions  by  Nu clear  Mag netic
Res o nance  Im ag ing, Phys. Med. Biol., 29 (1984), 10,
pp. 1189-1197
[3] Mattila, S., Gel Do sim e try in the Ver i fi ca tion of IMRT 
Treat  ment Plan  ning, M. Sc. the  sis (in Finn  ish) De  -
part ment  of  Phys i cal  Sci ences,  Uni ver sity  of  Oulu,
Oulu, Fin  land, 2005
[4] Rouhiainen,  S.,  Ap pli ca tion  of  Gel  Do sim e try,  Ph.
Lic. the  sis (in Finn  ish) De  part  ment of Phys  i  cal Sci  -
ences, Uni  ver  sity of Oulu, Oulu, Fin  land, 2010
[5] Gustavsson,  H.,  Ra dio ther apy  Gel  Do sim e try  De vel -
op  ment and Ap  pli  ca  tion of Normoxic Poly  mer Gels,
Ph. D. Dis ser ta tion, De part ment of Med i cal Ra di a tion 
Phys  ics, Lund Uni  ver  sity, Malmo, 2004
[6] Kak, A.,  Slaney, M., (2001) Prin  ci  ples of Com  put  er  -
ized Tomographic Im  ag  ing, IEEE Press, New York,
1999, p. 327
[7] Brinivasa, N.,  Rajgopal, K., Ramesh, B. R., An Al go -
rithm for Com  put  ing the Dis  crete Ra  don Trans  form
with Some Ap  pli  ca  tions, Pre  sented at the TENCON
'89, the 4
th IEEE  Re gion 10 In ter na tional Con fer ence,
Bom bay,  In dia,  1989
[8] Arridge, S., Schweiger, M., Im  age Re  con  struc  tion in
Op ti cal  To mog ra phy,  Philo soph i cal  Trans ac tions  of
the Royal  So ci ety B: Bi o log i cal Sci ences, 352 (1997),
11, pp. 717-726
[9] Pan, X., Tomographic Im  age Re  con  struc  tion, Amer i -
can As so ci a tion of Phys i cists in Med i cine, 41 (1999)
[10] Boone, J. M., et al., The Es  sen  tial Phys  ics of Med  i  cal
Im  ag  ing, Lippincott Wil  liams & Wilkins, Phil  a  del  -
phia, 2002, p. 933
[11] Young, H. D., Sears and Zemansky's Uni ver sity Phys -
ics, Pearson Ad  di  son-Wes  ley, San Fran  cisco, Cal.,
USA, 2003, p. 1714
M. Kauppinen, et al.:  Op ti cal  To mog ra phy  for  Mea sur ing  Dose  Distribution  ...
218 Nu  clear Tech  nol  ogy & Ra  di  a  tion Pro  tec  tion: Year 2014, Vol. 29, No. 3, pp. 213-219
Fig  ure 16. Match  ing of the dose re  sponse to the
mea  sured val  ues of gray level[12] Kelly, R. G.,  Jor  dan, K. J.,  Battista, J. J., Op  ti  cal CT
Re con struc tion  of  3-D  Dose  Dis tri bu tions  Us ing  the
Fer rous-Ben zoic-Xy le nol  (FBX)  Gel  Do sim e ter,
Med. Phys., 25 (1998), 9, pp. 1741-1750
[13] Krstaji}, N., Doran, S. J., Fast La  ser Scan  ning Op  ti  -
cal-CT Ap pa ra tus for 3-D Ra di a tion Do sim e try, Phys. 
Med. Biol., 52 (2007), 11, pp. N257-NN63
[14] Gore, J. C., Ranade, M., Maryanski, M. J., Ra  di  a  tion
Dose  Dis tri bu tions  in  Three  Di men sions  from
Tomographic Op  ti  cal Den  sity Scan  ning of Poly  mer
Gels: 1. De  vel  op  ment of an Op  ti  cal Scan  ner, Phys.
Med. Biol., 41 (1996), 12, pp. 2695-2704
[15] Oldham, M., et al.,  High  Res o lu tion  Gel-Do sim e try
by Op  ti  cal-CT and MR Scan  ning, Med. Phys., 28
(2001), 7, pp. 1436-1445
[16] Krstaji}, N., Doran, S. J., Fo cus ing Op tics of a Par al lel 
Beam  CCD  Op ti cal  To mog ra phy  Ap pa ra tus  for  3-D
Ra di a tion  Gel  Do sim e try,  Phys. Med. Biol., 51
(2006), 8, pp. 2055-2075
[17] Wolodzko, J. G., Mar sden, C., Appleby, A., CCD Im -
ag ing  for  Op ti cal  To mog ra phy  of  Gel  Ra di a tion  Do -
sim e ters,  Med. Phys., 26  (1999), 11, pp. 2508-2513
[18] Devakumar, D., Ravindran, P., Three-Di  men  sional
Im  age Re  con  struc  tion for CCD Cam  era Based Op  ti  -
cal  Com puted  To mog ra phy  Scan ner,  IEEE Nu  clear
Sci ence  Sym po sium  Con fer ence  Re cord,  4  (2007),
M13-129, pp. 2965-2967
[19] Jenneson., P. M., et al.,  Three-Di men sional  Op ti cal
To mog ra phy  of  Dose  Dis tri bu tion  Us ing  Ra di a tion
Sen si tive  Trans par ent  Gels, IEEE Nu  clear Sci  ence
Sym po sium Con fer ence  Re cord, 1 (1999),  N16-1, pp.
538-540
[20] Doran, J. S., The His  tory and Prin  ci  ples of Chem  i  cal
Do sim e try  for  3-D  Ra di a tion  Fields:  Gels,  Poly mers
and Plas  tics, Ap plied  Ra di a tion  and  Iso topes,  67
(2008), 3, pp. 393-398
[21] Krstaji} , N., Doran, S., Char  ac  ter  iza  tion of a Par  al  -
lel-Beam  CCD  Op ti cal-CT  Ap pa ra tus  for  3-D  Ra di a -
tion  Do sim e try,  Phys. Med. Biol., 52 (2007), 13, pp.
3693-3713
[22] Brindha, S., Ravindran, B. P., Visalatchi, S., A sim ple
Op  ti  cal Cone Beam CT Set-Up for Gel “Read  out”,
Jour nal  of  Phys ics,  Con fer ence  Se ries  3, (2004), pp.
268-271
[23] Ramachandran, G. N., Lakshminarayanan, A. V.,
Three  Di men sional  Re con struc tions  from  ra dio -
graphs  and  Elec tron  Mi cro graphs:  Ap pli ca tions  of
Con vo lu tions  In stead  of  Fou rier  Trans forms,  Proc.
Natl. Acad. Sci., 68 (1971), 9, pp. 2236-2240
[24] Shepp, L. A., Lo  gan, B. F., The Fou  rier Re  con  struc  -
tion of Head Sec  tion, IEEE Trans. Nucl. Sci., NS21
(1974), 3, pp. 21-43
[25] Papadakis, A. E., A New Op  ti  cal-CT Ap  pa  ra  tus for
3-D Ra dio ther apy Do sim e try: Is Free Space Scan ning 
Fea si ble?,  IEEE Trans. Med. Im., 29 (2010), 5, pp.
1204-1212
[26] Hsieh, B.-T.,  Wu, J., Chang, Y.-J., Ver i fi ca tion on the
Dose Pro  file Vari  a  tion of 3-D – NIPAM Poly  mer Gel
Do sim e ter,  IEEE Trans. Nucl. Sci  ence, 60 (2013), 2,
pp. 560-565
[27] Ibbott, G. S., et al.,  Three-Di men sional  Vi su al iza tion
and Mea  sure  ment of Conformal Dose Dis  tri  bu  tions
Us ing Mag netic Res o nance Im ag ing of Bang Poly mer 
Gel  Do sim e ters,  In ter na tional  Jour nal  of  Ra di a tion
On col ogy  Bi ol ogy  Phys ics,  38 (1997), 5, pp.
1097-1103
Re  ceived on De  cem  ber 31, 2013
Ac  cepted on June 27, 2014
M. Kauppinen, et al.:  Op ti cal  To mog ra phy  for  Mea sur ing  Dose  Dis tri bu tion  ...
Nu  clear Tech  nol  ogy & Ra  di  a  tion Pro  tec  tion: Year 2014, Vol. 29, No. 3, pp. 213-219 219
Mati KAUPINEN, Esko ALASARELA, Antero KOIVULA, Sini ROUHIAINEN
PRIMENA  OPTI^KE  TOMOGRAFIJE  ZA  MEREWE
RASPODELE  DOZE  U  TERAPIJI  ZRA^EWEM
Dozimetrija se koristi za potvrdu ja~ine doze u ve{ta~kim uzorcima (fantomima) pre
davawa planirane terapije pacijentima. Uobi~ajeno, raspodela doze meri su u jednoj ta~ki ili u
vi{e ta~aka jedne ravni. Nove tehnike u terapiji zra~ewem obezbe|uju detaqnije planirawe
raspodele doze te postoji potreba za merewem raspodele doza u tri dimenzije. U tu svrhu koriste se
gel dozimetri. Zra~ewe izaziva promene u hemijskom svojstvu gela i merewem tih hemijskih
promena odre|uje se raspodela doze zra~ewa. Konvencionalna metoda je upotreba magnetne
rezonance  MRI, a kao nova mogu}nost javqa se opti~ka kompjuterizovana tomografija, opti~ka-CT.
Opti~ka-CT je mnogo prakti~nija i jeftinija u odnosu na MRI. U ovom radu prikazan je ure|aj
napravqen prema metodi opti~ke-CT zasnovan na upotrebi jeftinog materijala i jednostavne
realizacije. Ure|aj koristi CCD kamere i fluorescentne lampe. Rezultati testova pokazuju da se
nivo neprozirnosti ozra~enog gela mo`e izmeriti sa dovoqnom ta~no{}u. Ta~nost je ograni~ena
opti~kom distorzijom so~iva, distorzijom fluorescentne lampe kao izvora svetlosti i {umom
okoline tokom merewa.
Kqu~ne re~i:  gel dozimetar, merewe neprozirnosti, opti~ka-CT, tomografija, terapija
..........................zra~ewem